Background. Electrical stimulation and conditioning of carcasses are carried out to improve the quality of meat. The aim of the study was to evaluate the effect of these treatments on the glycolysis process and tenderness of beef. Material and methods. The longest lumbar muscles (m. longissimus lumborum) were the experimental material. They were divided into four groups by tenderization treatments: ES -high voltage electrical stimulation, KD -conditioning for 18 h at a temperature of 12-15°C, ES+KD -electrical stimulation and conditioning, in conjunction, K -standard cooled carcasses. Glycolysis was evaluated on the basis of the pH value, the content of glycogen and lactic acid after 45 min, and 3, 14, 17, 21, and 28 days post mortem. Tenderness was measured on the 3 rd , 14 th , 17 th , 21 st and 28 th day based on shear force evaluations. Results. At 45 min after slaughter the value of pH of the muscles was decreasing at the highest rate in the case of ES and ES+KD. Meat of those carcasses displayed the best tenderness after 3 and 14 days, especially when compared to K samples (p ≤ 0.05). Conclusions. Among the evaluated meat tenderization treatments, ES had the greatest impact on improving meat tenderness. The conjunction of ES and KD did not cause significant changes in the process of glycolysis and meat tenderization.
Introduction
Meat quality is influenced via numerous factors connected with animals rearing conditions, as well as postmortem treatments, which are applied on carcasses, influencing the biochemical processes of the muscle tissue (Domaradzki et al., 2016) . To the group of these practices belong both electrical stimulation and carcasses conditioning.
Electrical stimulation brings about an increase in the rate of glycolysis and an increase of muscle acidification (Adeyemi and Sazili, 2014; Mombeni et al., 2013; Rhee and Kim, 2001) . The course of glycolysis shows a significant influence on forming the quality of meat (Pospiech et al., 2011) , especially on its tenderness (Hwang and Thompson, 2001 ; Kim et al., 2013; White et al., 2006) . The aim of the research was an evaluation of the impact of various tenderization treatments on the course of glycolysis and bovine meat tenderness.
Material and methods
The experimental material were the longest lumbar muscles (m. longissimus lumborum), derived from eight bulls of Holstein Friesian breed, slaughtered in standard abattoir conditions. Standard quality muscles (RFN, Red Firm Normal) were taken which were evaluated on the basis of the pH value -measured 45 min and 48 h after the slaughter and the IMP/ATP ratio. They were divided into four groups by tenderization treatments. ES and K groups of muscles came from one individual. After the slaughter the left carcass was subjected to electrical stimulation (ES), and the right one was cooled (K). The samples of ES+KD and KD groups also came from one individual: the left carcass was subjected to electrical stimulation and next to conditioning (ES+KD). The right one was only conditioned for 18 h at 12-15°C (KD). The cooled muscles were cut out 48 h after slaughter.
Glycolytic changes were assessed after 45 min and 3, 14, 17, 21, 28 days post mortem. The measurement of pH value in muscles was done applying a portable pH meter of Handylab 2 type (PN-ISO 2917 :2001 , 2001 ). The content of glycogen (GL) was assessed according to Dalrymple and Hamm's (1973) enzymatic method, and lactic acid (KM) applying Bergmeyer's (1974) st and 28 th day based on shear force evaluations by help of a TA.XT.plus texture meter with a Warner-Bratzler's countershaft. The meat slices of 2.3 cm thickness were thermally processed in a convection-vapour oven produced by Rational company (model SCC 61E) till 72°C were reached in the geometric center of the sample. Shearing force indispensable for cutting was expressed in newtons per 1 cm 2 . Statistical analysis was conducted using the Statistica 10 program. The calculations of mean values and standard deviation were conducted. The results of the experiments were subjected to monofactorial analysis of variance taking into account the effect of time and type of tenderization treatment. Significance of differences between means was defined by help of Fisher's LSD test.
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Results and discussion
pH meat value was a reflection of the glycolysis process in the muscles of the carcasses in focus and the ratio of their quality (Lee et al., 2002) . During the storage, pH value decreased in all the groups but the fastest decrease was observed in the muscles of the electrostimulated carcasses (Table 1) . ES and ES+KD muscles, 45 min after slaughter showed a significantly lower (p ≤ 0.05) pH value compared to K and KD carcasses' muscles (Table 1) . ES brought about an increase in the rate of muscles' acidification, especially in a short time after slaughter, which is confirmed by the research of Mombeni et al. (2013) , as well as Rosenvold et al. (2008) . King et al. (2004) indicate that pH value is, on average, lower by 0.4 of a unit than in the control carcasses which results from electrical stimulation. In these experiments the difference between pH value of the muscles coming from ES, ES+KD carcasses and those from K, KD reached 0.37 of a unit. The GL amount in postmortem muscles was connected with the process of glycolysis (Neath et al., 2007) . Its content was decreasing during the storage time (Table 2) and was the highest after 45 min compared to the other times of the experiment (p ≤ 0.05). Changes in GL content were also observed 3 days after slaughter. Despite the absence of a meaningful differentiation, the lowest GL content after 45 min of storage was noted in ES and ES+KD muscles ( Table 2 ). The result of the anaerobic glycolysis was KM appearance (Choe et al., 2008) and that is why an increase of its amount in muscles was observed during the storage time (Table 3 ). An impact of ES and KD on its increase was found. After 45 min and 3 days the highest content of KM was found in ES and ES+KD muscles compared to K (Table 3) .
Iwańska, E., Mikołajczak, B., Grześ, B., Żywica, R., Banach, K., Iwanowska, A., Values in rows marked with various capital letters differ statistically significantly at the level of p ≤ 0.05, values in columns marked with various small letters differ statistically significantly at the level of p ≤ 0.05.
Wartości w wierszach oznaczone różnymi dużymi literami różnią się statystycznie istotnie na poziomie p ≤ 0,05, wartości w kolumnach oznaczone różnymi małymi literami różnią się statystycznie istotnie na poziomie p ≤ 0,05.
Attention should be paid to the fact that the value of shear force of meat was factually the highest (p ≤ 0.05) on the 3 rd day in group K (97.08 N/cm 2 ) compared to ES and ES+KD carcasses muscles (respectively: 52.70 N/cm 2 and 54.93 N/cm 2 ) (Table 4) . Research of numerous authors (Hwang and Thompson, 2001; Mombeni et al., 2013; Rhee and Kim, 2001; Rosenvold et al., 2008; Simmons et al., 2008) confirm ES of carcasses meaningfully influenced the meat's tenderness. . Changes in glycolysis process in bulls' meat carcasses subjected to different tenderization treatments. Nauka Przyr. Technol., 10, 4, #43. DOI: http://dx.doi.org/10.17306/J. NPT.2016.4.43 5 ES and ES+KD treatments significantly influenced the speed of glycolysis and tenderness of meat tissue (Tables 3 and 4 ). The research carried out by Hollung et al. (2007) , Hwang and Thompson (2001) , as well as Simmons et al. (2008) indicates a simultaneous influence of the ES and KD treatment of cattle carcasses on the course of glycolysis and improvement of meat tenderness. It is worth stressing though that the changes concerning KD treatment conducted independently are slower compared to the situation when it is combined with ES.
Conclusions
1. ES carcasses treatment accelerated the process of glycolysis. 45 min after the slaughter, significantly lower pH value of ES and ES+KD muscles was observed, compared to non-electrostimulated carcass.
2. After a 3-day storage, muscles from ES and ES+KD exposed carcasses were characterized by a significantly lower (p ≤ 0.05) shear force value, compared to the control ones. The above proves that the ES treatment is most efficient in speeding up glycolysis and significantly influences the improvement of meat tenderness.
